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Calcium is a significant element in organisms and participates in numerous 
physiological functions and its role has been revealed more and more in plant 
development. Calcium has also an essential signaling, physiological,and regulatory 
role during the whole process of sexual reproduction in flowering plants, including 
microsporogenesis, megasporogenesis, development of male and female gametophyte, 
pollination and double fertilization. Howevere, seldom work has been carried out in 
this field. Tobacco is a kind of modal plant in the research on sexual plant 
reproduction and suitable for my study. 
Calcium distribution during anther development of tobacco was investigated 
using antimonite technique. It is obvious that calcium contributes to 
microsporogenesis and the maturity of pollen grains greatly, especially during the 
stages when extremely intense changes on morphology and structure take place in 
microspore, such as the construction of cell wall, the fusion of the large vacuole and 
the appearance of cytoplasmic polarity in microspore. Calcium is also related to the 
programmed cell death (PCD) of callose wall, tapetal cells and middle wall layer 
during the specific stages of anther development. The transportation of calcium from 
tapetal cells to locule of the anther is performed by Ubisch bodies secreted by tapetal 
cells.    
In the mature pollen grain, there is no calcium precipitates distribution in it 
except the surface of its aperture. And it is the same with the pollen loading and 
germinating on the compatible stigma. 
When pollen grain arrives at the stigma, becomes hydrated, and as the pollen 
swells, Cacium precipitates accumulate at the aperture.  Calcium precipitates 
accumulate in pollen cytoplasm initially are concentrated within small vacuoles but as 
germination proceeds these appear to fuse, forming prominent densely labeled 
vesicles that preferetially accumulate near the apical region of the growing tube. 
Although the stigma has abundant particles, few calcium precipitates are observed in 
the transmitting tissue from anthesis to 11h after pollination. However, at 22h after 
pollination, accumulation of calcium increases distally from the stigmatic interface 
with the transmitting tissue through the length of the style to the ovary. And at this 















pathway followed by pollen tubes.     
Potassium pyroatimonate was also used to localize loosely-bound calcium in 
young ovules of tobacco during megasporogenesis to investigate the relationship 
between ionically available calcium and megaspore degeneration. Following meiosis 
in the megasporocyte, a “S” shaped tetrad of four megaspores is formed, with three of 
the four megaspores degenerating from the micropylar end inward. Only the 
chalazal-most megaspore continues to develop, becoming the functional megaspore. 
The dynamic distribution of calcium precipitates in the megaspore precedes the 
breakdown of the micropylar megaspores, which subsequently undergo structual 
disintegration and loss of recognizable cellular features. But the function of calcium 
in affecting and controlling this critical phase of embryo sac establishment and 
functional megaspore determination have not been fully elucidated, and also needs to 
be testified by more proof. 
The distribution and function of calcium during the process of double 
fertilization, especially in the sexual cells in embryo sac of tobacco, have also been 
carefully observed and investigated. 
The study on calcium dynamic distribution during sexual reproduction in tobacco 
may facilitate future research aimed at elucidating the mechanisms of the process of 
sexual reprodction in flowering plants. 
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自由钙以离子形式存在，饱和浓度约为 200nM[2, 4, 18]。自由钙是细胞中钙信
号的启动者，轻微的浓度变化即可调控细胞发育的功能。 
    结合钙与高分子以亲和力很强的共价化学键结合，需要较高能量才能打破。
这种紧密结合钙不会被低亲和力的阴离子如锑所沉淀。这种紧密结合钙可以被多
种非特异性方法所探测，如 X 射线分析法[19, 20]和质子诱导的 X 射线散射法[21]。
目前发现 高浓度的结合钙是以普通晶体形式存在的，如草酸钙。 





离子浓度。如果 Ca2+浓度超过 Ksp 所给定的钙结合分子，那么超出的钙就会转化






















    每一种类型的 Ca2+都有其不同的生理功能。在一个低临界值以上的自由 Ca2+
浓度的改变能够使其作为一种信号传导的早期产物行使第二信使的作用。因为被










    前面提到过，在钙的动态平衡中，钙是被离子键动态螯合而不是共价键。这
种钙的储存方式是动态的，因此很容易通过与各种控制蛋白（多为钙调素类蛋白）
相互作用而转换成自由钙。为了避免 Ca2+潜在的毒害作用，细胞质和细胞核中
Ca2+的浓度比细胞壁部位要低 3 到 4 倍[1, 3]。然而，当细胞受到外界刺激时，钙
通道打开，自由 Ca2+通过质膜进入细胞。被螯合的钙也可从内质网，液泡和线粒
体中被释放出来[9, 23]。Wick 和 Hepler(1982)[24]根据这种可转变的特性将这种非共
价键螯合的钙称为松弛结合钙。 
2 Ca2+与花药的发育 
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